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V. An Account of fever al Experiments made to ex- 
amine the Nature of the Expanfion and Con- 
traSiion of Fluids by Heat and Coid y in order 
to afcertain the Divifions of the Thermome- 
ter, and to make that Infirnment, in all places ', 
without adjufting by a Standard. By Mr. Edm. 
Halley, S. K, S. 

OValitieSy fuch as Heat and Cold, Moifture and 
DrireO;, and the like, are nototherwifetobe efti- 
mated, but by their Effect on the Quantity of (bme body 
they act on, encreafing or leflening the Dimenfions there- 
of • or elCe by the Motions they produce, both which 
fubjecl: them to Menfu ration ; but it is ftill a Queftion 
how to afcertain the proportional Heat or Cold, &c. 
that is between any two Climates or Seafbns, Co as to 
conclude the one, for Example, twice as hot or twice as 
cold as the other, tho' the Inftruments now in ufe abun- 
dantly fuffice to (hew when the Temper of the Air is 
the fame, and when it is Warmer or Cooler. The 
Reafon hereof is, that we know not the Caufes of the 
Expanfion of Fluids by Heat, or of their Contraction 
by Cold, as arifing from the Nature of their conftituent 
parts, which are (6 far from being Objects of our Sence, 
that they even furpafs our mod refined Reafonings, and 
extort a Confeffion of our Ignorance after all our En- 
deavours. For the fame degree of Heat does not pro- 
portionally expand all Fluids ; fome fwelling with a gen- 
tle Warmth, and others not till they be confiderably 
Hot ,• (bme boiling with a moderate Heat, and others not 
at all. Some capable of great Expanfion , others en- 
creafing very little ; fb that it may well be concluded 
that no one of them does encreafe and diminifli in the 
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fame proportion with the Heat, and confequentfy that 
the Thermometers graduated by equal Parts of the Expan- 
sion of any Fluid, are not Sufficient Standards of Heat or 
Cold. 

This will be more evident from the Experiments which 
I made Tome time Since, with Water, Mercury, and .Spi- 
rit of Wine, wherein the following Particulars were ve- 
ry remarkable. 

I. I took a large Bolt-Head, holding about 3? /. of 
Water, with a narrow Neck to make the Augment there- 
of more fenfible,- and having filled it with Water, and 
fome few Inches up the Neck, I noted exa&ly to what 
Mark the Water came ,• then I immerfed it into a .Skillet 
of warm Water, and let it Stand lb long, till I conclu- 
ded the warm Water had communicated its Temper to 
the Water included in the Bolt Head. And I found that 
tho' the Water were warm, much beyond the degree of 
the Summers Heat, and notwithstanding it was Winter ; 
yet that gentle Heat had Scarce any effect in dilating the 
Water, (o that it (carce appeared to have afcended in 
the Neck of the Bolt-head. Then I took the Skillet and 
fet it over the Fire, when it wasobfervable that the Wa- 
ter as it grew hot did flowly aScend in the Neck, especi- 
ally at flrft ; but after it began to boil in the Skillet, the 
Expansion thereof became more vifible, and it afcended 
apace till fuch time as it flopped again, the utmoft Ef- 
fort of Boy ling Water being abletoraife it no higher: 
Then having made a Mark ac the utmoft height whereto 
it had arifen, f took it out, and had the Satisfaction to 
ohferve, that though it was not railed ib high without 
a very Strong boiling, yet it Subsided very flowly, as 
retaining forae time the fpace it had acquir'd from the 
Heat, even after the Heat was pafs'd, and the Glafs was 
ib cool as to be touched without burning the Fingers, 
However the next morning I found it reduced to the 
firit Mark, where it Stood when at firSt put in, ha- 
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ving loft nothing fenfible by Evaporation during the Eir» 
penment, which I attribute to the length of the Neck 
wherein the Vapors were condenied into Drops before 
they reached the Top. Then I examined how much 
Water would raiie that in the Neck to the Mark where- 
to it had been encrealed by boiling, and found it was 
a twenty fixth part of the bulk of the firft Water, which 
upon repeated Experiment I found to be true ; but it 
was obvious that Water, encreafing lb very little with 
all the degrees of Heat the Air receives from the 
Sun, was a very improper Fluid to make a Thermometer 
withal; and befides, any freezing Liquor is ufeleft for 
this purpoie in theft Northern Climates. 

II I took a fmaller Bolt-head with a proportional Cane 
or Neck, and filled it, after the fame manner, with Mer- 
cury ', and having boiled it as above, Iobferved that 1x5- 
Ounces of Mercury had encrealed the fpace of 810 
Grains, or a Seventy fourth part of its bulk when Cold. 
But it was very remarkable, that whereas a gentle Heat 
had fcarce any tfFed on Water, here on the contrary, the 
Mercury did ienfibly afcend at firft,and had almoft attain- 
ed its greateft Expanfion before the Water boiled in the 
Skillet. And after it boiled, though I let it Hand very 
long over the Fire, I could not difcern that the molt 
vehement boiling had any erTedt on it, above what ap- 
peared when it firft began to boil : The Mercury being 
taken out, as it cooled fubfided, and in a few Hours re- 
turned to the Mark whereat it flood before it. was put in- 
to the Water. This Fluid being fo fenfible or a gentle 
Warmth, and withal not fubje<St to evaporate without a 
good degree of Fire, might mod properly be applied to 
the Conftruciion of Thermometers were its Expanfion 
more confiderable. 

However fmall as it is, it is fufficient to difturb the 
precife nicety of the Mercurial Barometers, /hewing the 
counter poife of the Prellure of the Atmoibhereby a Cy- 
linder 
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Under of Mercury ; for {{Mercury be more expanded, and 
confequently lighter in warm Weather than in cold, it 
will neceflarily tallow, that the fame weight of Atmo- 
fphere will require a taller Cylinder in Summer, and a 
Shorter in Winter to counterpoiie it. And if the Ex- 
tremity of Weather do but occafion an 15:0th part dif- 
ference, as 'tis probable it doth, the effect thereof on a 
Barometer will be a tenth of an Inch above and below 
the Mean, or a Fifth in all. 

III. I fili'd the fmaller Bolt-head with Spirit of Wine, 
and having fet it in the Skillet of Water over the Fire, I 
found that it alcended gradually as the Heat encrealed, 
but flower at firft, and fafter after it was well warm. At 
length being arrived at a certain degree of Heat, it 
would fall a boiling with great Violence, emitting Bub- 
bles, which coming into the Neck of the Bolt-head, 
would lift all the Incumbent Spirit, till they had made 
their way through. And thefe fucceeding one another 
very faft, would often raife the Spirit to the top of the 
Neck, and fpill it ,• fo that I found I could go no fur- 
ther with this Liquor, than to that degree of Heat which 
occafion'd this boiling, and which wanted very much of 
that of boiling Water, being almoft tolerable to the 
Touch. It was however very remarkable how exactly 
this degree of Heat was determin'd by the expaniion of 
the Spirit, for in the inftant it reached a certain Mark on 
the Neck, it began to emit its Bubbles : and having been 
taken out a little to cool and fubfide, it would certainly 
and conftantty fall a bubling again, when upon a fecond 
Immerfion, it was arrived at the aforefaid Mark : During 
this Experiment, it appeared both by the De>-v on the 
Neck, and by the Scent in the Room, that tho' the Neck 
were about 30 Inches long, yet the Spirit did evaporate 
very faft for the f mallneis of the Surface of the Liquor 
And I have often noted the like Evaporations condenfed in 
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Dew within the Head of the ordinary leafd Thermometers, 
in very hot Weather. 

This degree of Heat which made Spirit of Wine be- 
gin to boil, being determined fo nicely as I have laid, 
made me conclude, that this might very properly be ta- 
ken for the Limit of the Scale of Heat in a Thermometer ;. 
and the efTedfr thereof in the expansion of any other Flu- 
id being accurately noted, might be eaftly transferred to 
any fort of Thermometer whatfbever. -Only it muff be 
©bierved, that the Spirit of Wine ufed to this purpofe be 
highly rectified or dephlegmed, for otherwife the differ- 
ing Goodnefs of the Spirit will occafion it to boil fooner 
or later, and thereby pervert the defigned Exactnefs. 
And by the way give me leave to hint, that the fooner 
or later boiling of Spirit or Spiritous Liquors may poffi- 
bly be as good aTeft of their Strength and Perfection as 
their Specific Gravity, or any other yet ufed. 

The Spirit of Wine I made ufe of was poffibly none 
of the bed , but I obferved that at the point of boiling 
it had encreafed a twelfth part in bulk : Which great Di- 
latation makes it a Liquor fufficiently adapted to our pur- 
pofeywere it not for the evaporation thereof,- and for the 
difference in goodnefs of the Spirit ; and for that in length 
of time it becomes as it were effete, and lofes gradually a 
part of its expanfive Power, as I have been informed by 
thofe who have long kept them. 

All thefe Experiments were made in the Months or' 
February and March about Four Years fince, the Weather 
being reafbnably cold,and not freezing j, and fince I have 
not had the opportunity to try the efled: of extreme 
Cold in contracting. thefe Liquors, which mud be rckr'd 
till fbme (harp Winter prefent us with a Seaibn proper 
lor the ib Trials. 

IV. Several other Liquors may be examined after this 
manner, but thefe alledged may fuffice to Shew trie dif- 
fering; Effects of Heat upon differing Fluids ,-. and that 
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this Power of dilating and contracting with Heat and 
Cold is as (pacifically in them as their Gravity, Refracti- 
on, &c. But in none is it comparably fo conspicuous as 
in that rare Elaftick Fluid tbe Air; for by ieveral Expe- 
riments that I have made, I find that the Heat of Summer 
does expand the ordinary Air about a Thirtieth part; 
and that late Honourable Patron of Experimental Philo- 
fophy, Mr. Boyle, in his Hiftory of Cold, Tit. iS. Pa- 
rag. S. pag.475. alledges his own Trials, proving that 
the force of the ftrongeft Cold in England does not con- 
tract the Air above a twentieth part : So that the Sum of 
a twentieth and thirtieth part being a twelfth part, we 
may conclude that the Tame Air which is extream Cold 
occupies twelve parts of /pace, in very hot Summer 
Weather will jequ ire thirteen fuch Spaces; which is as 
great an Expanfion as that of Spirit of Wine when it 
begins to boil : For which reafon, and for its being Co 
very fenfibie of Warmth or Cold, and continuing to ex* 
ert the fame Elaftick Power after never fo long being in- 
cluded, in my Opinion it is much the moil proper Fluid 
for the purpoie of Thermometers. 

Now the Thermometers hitherto m ufe are of Two 
forts ; the one (hewing, the differing Temper of Heat 
and Cold by the Expanfion of Spirit of Wine, the other 
by the Air ; but I cannot learn that any of them of either 
fort were ever made or adjuiled, fo as it might be con- 
cluded, what the Degrees or Divisions of the faid inftroe 
ments did mean; neither were they ever otherwise gra- 
duated, but by Standards kept by each particular Work- 
man, without any agreement or reference to one ano- 
ther : So that whatsoever Observations any curious Per- 
fbn may make by his Thermometer, to flgnifie the degree 
of Heat in the Air or other thing, (which is of conf'tanc 
VCe in Philofophical Matters) cannot be underflcod, un- 
lets by thofe who have by them Thermometers of the fame 
Make and Adju'ftmsmt, Much, Ms has the way been 

fEewa 



C 656 ; 

Ibewn how to make this Inftrument without a Standard, 
or to make two of them to agree artificially without 
comparing them together. 

I thought to have finished this DiScourSe with Shewing 
a Method of conftru&ing and regulating Thermometers 
to the bed Advantage; but finding it neceSfary to make 
Some Experiments with more Curiofity than I have yet 
done, especially upon the Airs Expansions. I crave leave, 
till one of the next Tranlaclrions, to inform my (elf 
more fully in the matter, being unwilling to leave to the 
Trial of others, what perhaps I have better opportuni- 
ty to examine my felf, efpecially in what is raoft diffi- 
cult in this nice Affair .- I (hall only propofe, that where- 
as the ufual Thermometers with Spirit of Wine, do (bme 
of them begin their degrees from a Point, which is that 
whereat the Spirit (lands when it is fo cold as to freeze 
Oyl of Annifeeds ; and others from the Point of begin- 
ning to freeze Water : I conceive thefe Points are not So 
juftly determinable, but with a considerable latitude: 
And that the juft beginning of the Scales of Heat and 
Cold Should not be from fiich a Point as freezes any 
thing, but rather from Temperature, Such as is in p'aces 
deep under ground ; where the Heat of the Summer, or 
Gold in Winter have (by the certain Experiment of the 
curious Mr. Mariotte in the Grottoes under the ObServa- 
tory at Paris) been found to have no manner of effect 
But of this more hereafter. 
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